The 2009 International Society of Urological Pathology Consensus Conference in Boston made recommendations regarding the standardization of pathology reporting of radical prostatectomy specimens. Issues relating to the handling and processing of radical prostatectomy specimens were coordinated by working group 1. Most uropathologists followed similar procedures for fixation of radical prostatectomy specimens, with 51% of respondents transporting tissue in formalin. There was also consensus that the prostate weight without the seminal vesicles should be recorded. There was consensus that the surface of the prostate should be painted. It was agreed that both the prostate apex and base should be examined by the cone method with sagittal sectioning of the tissue sample. There was consensus that the gland should be fully fixed before sectioning. Both partial and complete embedding of prostates was considered to be acceptable as long as the method of partial embedding is stated. No consensus was determined regarding the necessity of weighing and measuring the length of the seminal vesicles, the preparation of whole mounts rather than standardized blocks and the methodology for sampling of fresh tissue for research purposes, and it was agreed that these should be left to the discretion of the working pathologist. Modern Pathology (2011) 24, 6-15; doi:10.1038/modpathol.2010 published online 10 September 2010 Keywords: processing; prostate adenocarcinoma; prostatic apex; prostatic base; sampling; seminal vesicle
Handling radical prostatectomy specimens in a manner that is attentive to parameters that help guide clinical management is critical for ensuring accurate histopathological assessment and staging. [1] [2] [3] [4] [5] Prognosis after radical prostatectomy relies, in part, on accurate characterization of a number of histological features, including the status of the surgical margin, extraprostatic extension, Gleason grade, tumor volume and whether tumor extends into the seminal vesicles and/or is metastatic to regional lymph nodes. Information gained from radical prostatectomy specimens is used in prognostic instruments such as the Kattan nomograms and Partin tables to predict outcome, measured as the probability of biochemical recurrence and long-term survival. 6, 7 This information is also used for selecting and instituting adjuvant therapy such as radiotherapy or hormone therapy. 8, 9 The marked increase in the number of radical prostatectomies in recent years 10 has increased the workload on surgical pathology laboratories. Nevertheless, it is important that these specimens are handled appropriately so as not to compromise the accuracy of the pathologic data. Incorrect practices might result in irretrievable loss of histological information.
Several recent publications have outlined protocols for the systematic handling of radical prostatectomy specimens, with recommendations regarding what the authors perceive to be the most appropriate practice; [3] [4] [5] 11 yet, it is clear that many different methods are employed in the handling, sampling and processing of these specimens. A recent web-based survey was used to identify current practice in the European uropathology community. Although many practices were commonly employed by most pathologists, some vary and it is clear that there is a need for standardization. 11 
International Society of Urological Pathology Survey and Consensus Conference
In order to identify the methods most commonly employed by urological pathologists worldwide, a web-based survey on handling and reporting of radical prostatectomy specimens was distributed to 255 members of the International Society of Urological Pathology.
The International Society of Urological Pathology survey was followed up with a consensus conference held in conjunction with the 2009 Annual Scientific Meeting of the United States and Canadian Academy of Pathology held in Boston, Massachusetts. The aim was to obtain consensus relating to the handling and reporting of radical prostatectomy specimens. Those who completed the electronic survey were invited to attend the consensus conference, which was held on 8 March. The detailed process related to the survey and consensus meeting are reported in an introductory paper. 12 Representatives from five working groups appointed to coordinate the consensus process presented background information and results from detailed literature reviews to the meeting. The survey results were then discussed with the objective of achieving agreement on controversial issues.
Following this, a ballot was taken on a series of questions that were designed to address these controversial issues and an achievement of 65% agreement on voting was considered to be consensus. With a few exceptions, there was agreement between the survey results and the consensus conference results. The results of the individual working group reports related to T2 substaging, extraprostatic extension, seminal vesicle and lymph node involvement and margin status are reported separately. [13] [14] [15] [16] Many recommendations of this consensus conference have already been incorporated into international guidelines, including the recent College of American Pathologists protocol and checklist for reporting adenocarcinoma of the prostate and the structured reporting protocol for prostatic carcinoma from the Royal College of Pathologists of Australasia.
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Specimen transportation
Typically, radical prostatectomy specimens are transported in 10% buffered formal saline. Specimen jars containing fixative are usually stored in operating theaters and the surgical specimen is immersed in fixative following removal and then transported to the laboratory. On occasions, fresh tissue is harvested in the laboratory and the time interval that a prostatectomy specimen can be kept fresh without compromising cellular morphology is unclear. Long pre-fixation intervals invariably occur with robotic-assisted laparoscopic prostatectomy and this can be up to 2 h. 19 Despite this, it has been shown that up to 2 h of warm ischemia (time without fixation) does not alter protein, DNA or RNA conformation and that there is satisfactory preservation of microscopic and immunohistochemical features. 19 Somewhat in contradiction of this, it has also been reported that there are increasing alterations of gene expression with longer intervals of warm ischemia and significant changes have been shown even after 1 h. 20 It is clear from these data that further studies are necessary in order to assess the duration of warm ischemia that is acceptable without compromising histological interpretation of radical prostatectomy specimens.
Of the participants of the survey, a majority reported that they received specimens transported in formalin, whereas no respondent reported the use of other fixatives. A majority of the respondents also reported that at least on occasions they received specimens that had been transported without fixative ( Table 1) . As the intraoperative warm ischemia interval is often unknown, the conference felt it prudent to note that transportation of unfixed specimens should be discouraged. In those cases where this is unavoidable, it was pointed out that the specimen should be placed in fixative as soon as possible after arrival at the pathology laboratory and 
Specimen weight and dimensions
It is recognized that the prostate gland and seminal vesicles are different organs, and can vary markedly in size and weight. In view of this, it was agreed that the true weight of the prostate gland can only be determined if the seminal vesicles are detached from the prostate gland before weighing ( Table 1 ). The weight of the prostate gland is often correlated with the radiologically estimated weight, 21, 22 and although the practical significance of this in patient management may be limited, it was agreed that this should recorded, as these data were of potential interest for research purposes. The survey found that 76% of respondents weighed the prostate with the seminal vesicles attached; yet, at the meeting, there was consensus that the prostate weight without the seminal vesicles should be recorded. It was considered that this is a relatively simple procedure that should not be onerous even in a busy surgical pathology laboratory. It was noted that some urologists request the weight of the entire specimen to justify assigning a level of difficulty to the surgical procedure, in which case the weights of the prostate and the seminal vesicles could be combined. There was consensus that all three dimensions of the prostate, that is, apical to basal (vertical), left to right (transverse) and anterior to posterior (sagittal), should be recorded. On this point, 92 and 95% agreement was achieved in the survey and consensus conference, respectively. It was also agreed that given the tapering shapes of the prostates, the maximum length of each dimension should be taken.
Painting the surface
Accurate assessment of surgical margin is essential for the evaluation of radical prostatectomy specimens. 23 Although the true surgical margin can appear distinct, this may be difficult to differentiate from artefactual margins that result from specimen cutting and embedding. Painting the surface or dipping in silver nitrate is necessary for assessment of the surgical margins. 2, 24 This is especially important as problems may occur when slicing the prostate. In particular, it is easy to inadvertently flip slices once they are cut, thus obscuring the laterality of the specimen. The anterior and posterior prostates may be identified microscopically through examination of the mid portion of the prostate (the posterior aspect is predominantly flat and contains intraprostatic portions of seminal muscles and ejaculatory ducts) and ideally two colors should be used to indicate the right and left sides. Another method that may be employed when one color (or India ink) is used to mark the surgical margin of the prostate is to make a cut in a specific location such as the anterolateral aspect of the gland (Figure 1a ). More than two colors may be used and this is dependent on the preference of the pathologist. Of survey respondents, 98% reported that they painted or dipped the surface in silver nitrate and 81% reported using two or more colors. 
Radical prostatectomy specimen handling
Although a majority of the participants at the meeting considered that the number of colors used in marking the prostate should be standardized, there was no consensus as to what these should be. Ninety participants responded to the question as to the number of colors that should be employed, with 79% of this group suggesting the use of at least two colors. Although there was consensus that at least two colors should be used, there was no consensus on standardizing the actual number of colors that should be employed.
Harvesting fresh tissue for research
Although initially harvested only for discovery research, tissue samples are increasingly being obtained as integral components of clinical trials. 25 In the future, fresh samples may be a required component of clinical management to assay analytes that cannot be accurately evaluated using formalinfixed, paraffin-embedded tissue. The survey yielded a range of diverse techniques for obtaining fresh samples. Although all research uropathologists have the goal of preserving unfixed cells or tissue as rapidly as possible, they differ in methodology, the amount of tissue that is collected for research, the yield of cells of interest, the time and effort involved in obtaining research samples and in annotation data. Of note, the tissue for research that is rapidly frozen, by immediate immersion in isopentane that is pre-cooled to a near-slush state in liquid nitrogen, yields sections of both prostate blocks and of needle biopsies that are of sufficient quality for cells to be microscopically identified and removed by laser microdissection, and their RNA expression profiles determined. 25, 26 Although macromolecules (DNA, RNA, and protein) can be retrieved from formalin-fixed tissue for molecular characterization, fresh or fresh-frozen tissue samples are preferred, as formalin adversely affects the quality of nucleic acids (by fragmentation) and of proteins (by crosslinking). 27 Formalin fixation may not have as severe an effect on RNA quality for genome-wide expression analysis as does long-term storage. 28 In the survey, we found that a Radical prostatectomy specimen handling H Samaratunga et al variety of methods for obtaining fresh tissue are practiced. 29, 30 Regardless of the method chosen to obtain fresh tissue, there are several principles that most practitioners follow. (1) Tissue sampling is undertaken in a manner that does not compromise histopathological data necessary for clinical management. These data include grading and staging, estimation of volume and characterization of the relationship of tumor to the surgical margin. (2) Harvesting of research tissue should produce high yields of high-quality tissue from a substantial proportion of cases.
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A majority of survey respondents indicated that, in their institution, fresh tissue was harvested by the pathologist or urologist in at least some cases (Table 1) . This is a much higher rate than that previously reported in a survey of European pathologists, where the rate was 29%, although this was 55% for European academic pathologists. 11 The higher rate in the International Society of Urological Pathology survey may be explained, at least in part, by a greater proportion of university (academic) practitioners in the survey sample. A variety of sampling methods were reported. Most respondents sampled the cut surface using a shave technique, punch biopsies or, rarely, fine needle aspirates or scrapings. A further 20% took core biopsies using an external approach and it was noted that this did not compromise pathological assessment, 30 although it was recognized that this may be a possibility if the biopsy cores are excessively thick.
Fixing and slicing the prostate
Fixatives preserve the physical and chemical properties of tissues and prevent autolysis. Fixation may be broadly categorized as the effects of dehydrants, heating, crosslinking agents, acids and any combination of these. 31 Formaldehyde as a 10% neutral buffered formalin solution is the most widely used fixative and the speed of fixation depends on the rate of diffusion and the rate of chemical reaction between the fixative and the various tissue components. It is recommended that specimens be fully immersed in at least 20 times their own volume of buffered formal saline with at least 1 h of fixation time per mm of tissue thickness being required. 32 Routinely, tissues are fixed for about 24 h; however, the ideal length of fixation time for prostatic tissue remains undetermined.
Slicing and cutting of blocks is facilitated when the prostate is fixed because of the firmness that fixation imparts. It is difficult to obtain uniformly thin slices if the prostate is sliced fresh, particularly if it is a very large gland with nodularity imparted by benign hyperplasia. Additionally, reliability of immunohistochemical staining may be compromised with short fixation times. It has been shown that loss of expression of p27 was more marked with same-day cutting when compared with fixation for 41 day. 33 Interestingly, expression was improved following injection of formalin into the prostate. Fixation of a solid organ such as the prostate can be a slow process and autolytic damage may occur if the fixative does not reach the central part of the specimen. Excessive duration of formalin fixation can also be detrimental and often results in antigen masking, 34 and optimum high-molecular-weight cytokeratin immunoreactivity has been demonstrated after 6 h of formalin fixation. 35 Although longer fixation times appear not to have an effect on light microscopic features, there appears to be an adverse effect on the quality of tissue DNA. 36 Techniques for enhancing fixation, such as formalin injection and microwaving, have been shown to produce satisfactory fixation at a light microscopic level and improve immunohistochemical expression when compared with conventional fixation. These methods also have no influence on morphology or tumor volume estimation. 37, 38 For fixation by formalin injection, 20 ml 10% buffered formal saline is introduced into the prostate at multiple sites using a 23-G needle. To ensure homogenous fixation, it is recommended that the needle be inserted deeply and the solution injected while the needle is retracted slowly. 38 Microwaving of tissues for 1 to 2 min at 60 1C has been shown to enhance fixation and preserve nucleic acids. 39 In the case of radical prostatectomy specimens, microwave fixation can be undertaken before cutting, 37 although cut specimens may also be microwaved with satisfactory results.
Although full fixation is considered to be achieved after immersion for many hours (usually overnight) in formalin, it was agreed at the meeting that this can also be attained with a few hours in formalin when combined with enhanced fixation techniques. There was consensus that for routine assessment the prostate should be fully fixed before the cutting of tissue blocks for embedding.
Blocking the Apex
Histological examination of the prostatic apex is essential for assessment of extraprostatic extension and resection margin tumor positivity. The resection margin in this area includes the entire inferior margin of the prostate, and is considered positive if cancer reaches the inked surface. Carcinoma close to, but not involving the margin, is not considered to represent a positive surgical margin, as this has not been shown to have prognostic significance, 40, 41 whereas a true positive margin in this location does predict outcome. 42 The shave method, with en face blocking of the apex, will not permit assessment of the entire inferior inked margin. In such instances, the margin is considered positive if the apical block contains cancer and this will result in a high falsepositive rate. Assessment of extraprostatic extension is also more difficult using this technique when Radical prostatectomy specimen handling compared with the cone method, and this compounds the already difficult assessment of the prostatic apex. Before sectioning of the cone, the apex should ideally be separated from the last parallel slice of the body taken perpendicular to the rectal surface.
There was consensus that the cone method should be used for blocking the apex with 100% agreement at the conference. On this point in the survey, 91% agreement had been reached. There was also consensus that sagittal slicing should be used for the sectioning of the coned apex (Figure 1b) . As discussed at the conference, sagittal slicing offers the advantage over radial slicing by producing tissue blocks of uniform thickness.
Blocking the Base
Bladder neck margin positivity is an important prognostic indicator, 43 and trimming of the shave block can result in loss of the inked margin. As in the case of the prostatic apex, the margin is considered positive if cancer is present at the inked surface, but not if tumor lies close to a margin. It may also not be possible to ascertain true bladder neck involvement by tumor. Ideally, the base should be separated from the first parallel slice of the body, taken perpendicular to the posterior surface.
The consensus was that the cone method should be used for cutting the base and that sagittal slicing of the basal cone should be performed (Figure 1b) . Similar to the situation regarding the prostatic apex, it was noted that sagittal slicing offers the advantage over radial slicing by producing tissue blocks of uniform thickness. However, it was recognized that the taking of a thin shave margin at the base is not as undesirable when compared with shaving of the apical margin. The bladder neck margin typically consists of thick muscle bundles outside of the prostate, and if a thin shave margin shows any carcinoma, this generally indicates extraprostatic extension in addition to surgical margin positivity.
Partial or Total Embedding of the Radical Prostatectomy Specimen
Compounded by cost restraints is the question as to how much of a radical prostatectomy specimen should be blocked and whether complete embedding is essential. Processing a completely embedded radical prostatectomy specimen, particularly if the prostate is large, can be both costly to the laboratory and time consuming for the technical staff. This has to be weighed against the difficulties in identifying prostate cancer at gross examination of the specimen and the risk of overlooking prognostically important information. A variety of partial embedding methods are available, with the ideal method depending on whether the tumor is cT1c or cT2 disease, 1 and whether the cancer is grossly visible. The most efficient method of sectioning should provide maximum information in terms of Gleason score, detection of extraprostatic extension and surgical margin positivity and seminal vesicle involvement through examination of the fewest number of sections.
It has been shown that submission of grossly visible stage T2 (palpable) cancer along with standard sections of the proximal and distal margins, the base of seminal vesicles and the most apical section, 96% of positive surgical margins and 91% of instances of extraprostatic extension are detected, when compared with complete embedding. 44 Using this method, a mean number of 13 blocks was taken, which compared with 42 blocks following complete sectioning. The submission of alternate whole-mount sections was found to be associated with a lower detection rate. Using the same method, all of the cases with extraprostatic extension and surgical margin positivity were detected in cT1 (nonpalpable) cases with grossly visible lesions. 44 In another study using partial embedding of alternate slices, the Gleason score was incorrect in 4% of cases, whereas there was a 15% false-negative rate for extraprostatic extension. 45 In a study by Sehdev et al, 46 cT1c tumors with one or more adverse pathological findings, such as Gleason score Z7, positive margins and extraprostatic extension, were compared using ten different sampling techniques. The optimal method consisted of embedding every posterior section and one mid anterior section from the right and left sides of the gland. If either of the anterior sections had sizable tumor, all anterior slices were blocked in a second step. This method detected 98% of tumors with Gleason score Z7, 100% of positive margins and 96% of cases with extraprostatic extension, through examination of a mean number of 27 slides. It was also shown that sampling of sections ipsilateral to a previously positive needle biopsy detected 92% of Gleason score Z7 cancers, 93% of positive margins and 85% instances of extraprostatic extension, from a mean number of 17 slides.
In response to the question relating to how much of the prostate should be blocked, 460% of conference participants supported complete embedding, whereas 460% also supported partial embedding. This apparent contradiction arose as several respondents selected both options depending on the situation. In view of this, it was concluded that both methods were considered acceptable. Pathologists have to balance the extra expense and time involved in processing entire specimens against the risk of missing important prognostic parameters, and decide whether partial or complete embedding should be performed. There was consensus that if partial embedding is performed, a specific protocol should be followed and the methodology should be documented in the pathology report. 
Use of Whole Mounts
The use of whole mounts of sections from radical prostatectomy specimens has the advantage of displaying the architecture of the prostate and the location of tumor nodules more clearly ( Figure 1c  and d) ; furthermore, it is easier to compare the pathological findings with those obtained from digital rectal examination and transrectal ultrasound. The whole-mount technique has been adopted routinely in some laboratories and its use is recommended in the European clinical setting. 47 Despite this, whole mounts are more difficult to prepare and the cutting of large blocks of uniform thickness requires considerable experience, although this may be assisted through the use of prostate cutting device, for which purpose an ordinary delicatessen meat slicer would suffice. Additionally, the paraffin blocks and glass slides require dedicated containers because of their large size. Of relevance, whole mounts appear not to be superior to sections from standard blocks in detecting adverse pathological features. 48 From the survey, a majority of respondents reported using standard blocks and only 16% reported the use of whole mounts, for at least some slices (Table 1) . A minority reported using both methods. On discussion at the consensus conference it was considered that both standard blocks and whole mounts were acceptable for examination of radical prostatectomy specimens, although no ballot was taken on this point.
Radical prostatectomy specimens with no carcinoma on initial evaluation
In 0.07-4.2% of cases and also occasionally after neoadjuvant endocrine therapy, cancer may not be detected following sectioning of a radical prostatectomy specimen. [49] [50] [51] 56 found an incidence of 0.67% after 10-core positive biopsy to be higher than that previously reported.
The procedure to follow in such instances is well described and this will result in detection of cancer in a high percentage of cases. [49] [50] [51] As an initial step, the needle biopsy should be reviewed to confirm a diagnosis of malignancy. The radical prostatectomy sections should also be reviewed in order to confirm the absence of cancer. In those cases where initial sampling was by partial embedding, all residual tissues should be blocked. Atypical foci should be immunostained for racemase (AMACR) and basal cell markers and, where appropriate, cytokeratin and PSA. Deeper sections of blocks from the same sextant region of the positive needle biopsy and from areas showing high-grade PIN should then be examined. If no cancer is found, the paraffin blocks should then be turned and multiple sections from the other side of the block should be prepared. Reviewing the description of the macroscopic appearance of the external surface and cut surfaces of the surgical specimen, as well as inspecting the contour of the tissue sections on the slides, may confirm that part of the tissue has been cut away, either during surgery or during processing.
If cancer is not found after all these steps, and cancer in the initial biopsy is confirmed, the possibility of a specimen mix-up needs to be considered and DNA analysis for identification of the origin of the tissue should be considered.
If the biopsy is proven to have cancer and there is no cancer in the radical prostatectomy specimen, there is debate as to whether this should be considered to be pT2 through combining the biopsy and prostatectomy findings, or pT0-effectively disregarding the biopsy result and considering only the findings of the radical prostatectomy specimen. pT2 tumors are of clinical significance, with a 5-year risk of PSA failure of 13% for pT2a and of 23% for pT2c. In contrast, patients with a biopsy positive for cancer, but with no cancer in the radical prostatectomy specimen, have no increased risk of tumor recurrence or progression. 50, [56] [57] [58] [59] European urologists have suggested that in these cases, pT2 could be further characterized as pT2(À), where (À) indicates that cancer was not detected in the surgical specimen. Another alternative is to grade these tumors as pT2 ( þ bx/Àrp) to indicate the special situation of a positive biopsy ( þ bx) with no cancer detected in the radical prostatectomy specimen (Àrp). 60 These observations differed from the responses obtained at the consensus conference, where the opinion was that the radical prostatectomy findings should stand alone when pT staging is considered (Table 1 ). There was consensus that if no cancer was found in the radical prostatectomy specimen after detailed examination, then the tumor should be classified as pT0.
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